In resting man, deep body temperature is maintained at about 37-380C. The existence of such a steady temperature indicates that the rates of metabolic heat production is balanced -by the rate of heat loss to the environment. At rest the main challenge to the regulation of body temperature comes from changes in environmental conditions. At low ambient temperatures, especially if this is coupled with a high rate of air movement across the body surface, the rate of heat loss will exceed the rate of heat production and body temperature will fall. At high ambient temperatures, heat will be gained from the environment and body temperature will rise unless protective measures are initiated. During hard physical exercise, metabolic rate may rise 10 or 15-fold, and this rate of heat production may be sustained for several hours. For the exercising individual, therefore, cold exposure does not normally represent a serious challenge to the body's homeostatic mechanisms, but the problems of heat loss when exercising at a high ambient temperature may be acute.
Heat balance at rest When body temperature is constant, heat loss is equal to heat gain according to the equation:
M ± R ± C ± K-E = O where M = metabolic heat production, R = radiant heat exchange, C = convective heat exchange, K = conductive heat exchange and E = evaporative heat loss. It should be noted that M is always positive and E is always negative; R, C and K may be positive or negative depending on the relative temperatures of the skin and the environment.
It is also important to remember that, although it is the body core temperature which is regulated, it is the temperature of the skin relative to that of the environment which determines whether heat is gained or lost. At low ambient temperatures, skin temperature is decreased by diversion of blood away from the skin; this decreases heat lost to the environment by radiation, convection and conduction. When skin temperature is low, sweat secretion is inhibited, and evaporative heat loss is minimal unless externally applied fluid is present. With a reduced blood flow, the insulative power of the skin and subcutaneous layer is increased, and a large temperature gradient from the core to the periphery can be tolerated. In this situation, heat loss by radiation is small, and loss by conduction is negligible, unless the body is immersed in water; loss by convection depends largely on the movement of air across the body. In still, cold air, heat loss by convection is small, but movement of air across the body resulting from wind or from movement of the body through the air, will result in a high rate of heat loss. In a hot environment, heat will be gained by solar radiation and by radiation from objects in the environment; heat gain from these sources may be 2-3 times as great as the resting metabolic heat production. Heat will also be gained by convection if the air temperature is greater than that of the skin. Heat transfer by conductance is again unlikely to be significant unless there is a large area of contact between the body surface and hot objects in the environment, but prolonged contact between the feet and hot road surfaces, for example, may result in local overheating. In view of the heat gains from these sources and the continued metabolic heat production, it is apparent that body temperature can only be maintained if the rate of evaporative heat loss is increased. This is achieved by active secretion of sweat on to the body surface; the high latent heat of vaporisation of water makes this process particularly effective in promoting heat loss, evaporation of 1 litre of sweat from the skin requiring about 580 kcal.
Heat balance during exercise During exercise, the steady state situation described above does not normally exist. The increased energy expenditure associated with muscular work is accompanied by an increased rate of heat production. Either this is balanced by an increased rate of heat loss, or body temperature rises, the body tissues acting as a heat store. In practice, both effects normally occur, their relative magnitude depending on the circumstances. The rate of heat production during exercise is proportional to running speed, and is also affected by factors such as body weight and mechanical efficiency. Running at a speed of 16 km.hrF1, equivalent to completing the marathon distance in approximately 2 h 37 min, requires an oxygen consumption of approximately 3.7 l.minr' for a 70 kg athlete (Maughan and Leiper, 1983) . This compares with a resting oxygen consumption for the same individual of about 0.25 L.mirn-. Heat production for the runner amounts to about 1100 kcal.hr'. If all this heat was stored, body temperature would rise at a rate of 0.330C per minute. This situation would lead to collapse and death within a short space of time; during the 2% hours of marathon running, body temperature probably rises by no more than 2-30C, so clearly the heat loss mechanisms are extremely effective. Even for the slower runners, the rate of heat production is high; for the 51h hour marathon runner, who averages 8 km.hr(', oxygen uptake is about 2.1 L.minrl (and will be higher in heavier runners). This corresponds to a. rate of heat production of about 630 kcal.hr'. Although considerably less than that of the faster runner, this still represents a high value, and an additional problem is incurred in that the duration of the event is twice as great, which brings problems of its own.
The greatly increased rate of heat loss which must accompany hard exercise if body temperature is to be maintained, is achieved largely by an increased evaporative heat loss; although the increased skin temperature which normally occurs will also permit an increased loss by radiation and convection, this effect is of minimal importance (Nielsen, 1938) .
Temperature regulation during marathon running In spite of the high efficiency of the sweating mechanism in promoting heat loss, the ability to maintain body temperature within tolerable limits may still be a critical factor in determining performance in marathon running. Even in races of shorter duration, extreme rises in body temperature may occur, particularly when the ambient temperature is high. Hughson et al (1980) reported 26 cases of heat injury which required hospitalisation among 2,900 participants in two Canadian 10 km races; ambient temperature at the two races was 24.30C and 31.8CC. Similar problems may occur, however, at relatively low ambient temperatures. Sutton et al (1972) observed a number of cases of hyperthermia among competitors in the 14 km Sydney 'Cityto-Surf' race in spite of an air temperature of only 15.60C. Three collapsed competitors in this race were found to have a rectal temperature of 41.50C or higher.
In longer races such as the marathon, problems may be even more severe. Pugh et al (1967) found that several runners had a rectal temperature in excess of 400C at the end of a marathon race held at an ambient temperature of 230C. Costill (1972) recorded a rectal temperature of 41.30C in a competitor who failed to complete a marathon race where the ambient temperature was 31."IC.
Clearly in these competitors the rate of heat production has exceeded the capacity of the heat loss mechanisms. Acute elevation of body temperature in this way is a potentially life-threatening situation; the first signs of hyperthermia are normally a deterioration of mental function, often followed by disorientation and collapse. This area has recently been the subject of a comprehensive review (American College of Sports Medicine, 1984).
In runners exercising at high work rates for prolonged periods, it is perhaps not surprising that cases of hypertherrtia and heat illness occur. In several instances, however, rather low post-race rectal temperatures have been recorded among marathon runners. Pugh et al (1967) found a mean post-race rectal temperature of 39.00C among 47 runners taking part in a race held at an air temperature of 230C; the lowest individual temperature among these runners was 36.70C, although one runner in the same race had a temperature of 41.10C.
In a more recent study, the mean rectal temperature recorded on 59 runners immediately after a marathon race, was 38.3CC; air temperature was 10-1 20C (Maughan, 1985) . The lowest individual temperature was 35.6eC, and four runners recorded rectal temperatures of less than 37.00C. In this study, there was not a statistically significant relationship between the post-race rectal temperature and the time taken to complete the race (Fig. 1) , but there was a significant correlation (p < 0.01) between the post-race temperature and running speed over the second half of the race (Fig. 2) . It seems that some of these runners set off at a speed which they cannot sustain; body temperature is elevated and sweating is initiated to promote heat loss; at some point during the race, the runner is forced by fatigue to decrease his speed; this results in a decreased rate of heat production, but heat loss continues at a high rate; in this situation, body temperature will fall. The rate of fall of temperature may be rapid in lightly clad runners reduced to walking speed or forced to stop completely, especially if the weather conditions are unfavourable. In one competitor who collapsed on the finishing line of a marathon race, rectal temperature was subsequently found to be 34.30C (Ledingham et al, 1982) .
The situation can thus arise where, in the same race, one individual may collapse from hyperthermia whereas another runner in a similar state of collapse may be suffering from hypothermia. In view of the similarity of some of the symptoms of these two extreme conditions, the importance of measuring rectal temperature before instituting treatment is obvious. Oral temperature is not Second-half time (min) the time taken to complete a marathon race (Maughan, 1985) . The variation in sweat rate between individuals * * working at the same relative work load can be extremely high, however, and marathon runners competing under . * .the same conditions and with the same fluid intake may * % lose between 1% and 6% of body weight. Costill (1972) has reported body weight losses of more than 8% in runners competing at high ambient temperatures. These large fluid losses result in reductions in plasma volume as well as loss of interstitial and intracellular water. The reduction in plasma volume will have a detrimental effect on performance; there is a requirement for a high blood flow to the skin to promote heat loss, but blood flow to the working muscles must be maintained to , , (Saltin, 1964) . The sensation ! (mmn) of fatigue commonly experienced in the latter stages of a marathon race may thus result as much from the runners, rectal effects of dehydration as from substrate depletion or after completion hyperthermia.
Precautions
Part of the challenge of marathon competition lies in pushing the body to its limits, and it is not uncommon to see participants finishing in a state of distress. Some of these instances could have been avoided if proper precautions had been observed. Proper clothing should be worn depending on the environmental conditions. In warm conditions, clothing should obviously be designed to promote heat loss and should, therefore, be light and loose fitting. In extreme heat, some form of headgear to protect against solar radiation may be useful. In cool weather, clothing should be adequate to minimise the risk of hypothermia, especially for slow runners and those likely to walk for prolonged parts of the race. A hat and gloves are particularly effective in reducing heat loss, as large amounts of heat are normally lost from the head and hands. It is important to remember also, that the event lasts up to 6 hours and in some cases even longer. Major changes in weather conditions can occur during this time, and some flexibility in the amount of clothing worn may be necessary.
An adequate fluid intake will help to guard against hyperthermia and dehydration. It is the responsibility of the race organiser to provide frequent drinks stations and of the competitors to make use of these. Runners should be fully hydrated before the start of the race and should drink at all feeding stations where possible. The sensation of thirst is not a reliable guide to the need for fluid, and it is particularly important to drink at the early drinks points to allow time for the water to be absorbed from the stomach. The composition of the drink taken is not critical, but plain water or dilute glucose/electrolyte solutions are best. Alcohol should be avoided on the night prior to the event as it may lead to dehydration and disturbances of temperature regulation. (Rozycki, 1984 Viral infections may adversely affect the ability of an individual to regulate his body temperature as well as having potentially dangerous effects on the myocardium. For these reasons, it is most unwise for any individual to take part in a marathon race, or other hard physical activity, while suffering from, or recovering from, such an illness. These precautions will not guarantee immunity from heat-related problems, nor will they compensate for lack of adequate training in the pre-competition period, but they may help to reduce the number of casualties on race day.
